Non-invasive measurement of 11-ketotestosterone, cortisol and androstenedione in male three-spined stickleback (Gasterosteus aculeatus).
The androgen 11-ketotestosterone (11-KT) plays an important role in reproductive physiology and behaviour in male teleosts. In the three-spined stickleback, Gasterosteus aculeatus, the plasma concentrations of 11-KT are related to the breeding status of the fish. Sticklebacks are relatively small (generally less than 1g) and in order to obtain sufficient plasma for assay of 11-KT, it has been necessary in the past to sacrifice the fish. In this paper, we report on the development of a non-invasive procedure for measuring 11-KT, cortisol and androstenedione (Ad) in the three-spined stickleback. Validation of the procedure included the demonstration that the rate of release of steroids into the water was correlated to their plasma concentrations. Ten males that were kept at a low temperature and short photoperiod were moved to high temperature and long photoperiod to initiate spermatogenesis and breeding. Every two to four days, for a total of 53 days, males were removed and placed in a beaker containing 50-ml water for 30 min. The water was then processed by solid phase extraction for radioimmunoassay. Males were presented with females on days 13/14, 18/19 and 44/45. 11-KT was originally undetectable but built up gradually to reach an average release rate of between 1 and 2.5 ng/g/h between days 16 and 45 and then started to decline (but non-significantly). Ad release reached a plateau of 1 ng/g/h about day 20. However, from days 44/45 to 51, there was a highly significant rise in the rate of release of Ad to 5 ng/g/h. On days 44/45, five of the males mated successfully and five did not. However, there were no significant differences in 11-KT or Ad release rates between the two groups. Cortisol release rates fluctuated with no pattern throughout the study. The results show that it is possible to make measurements on sex and stress steroid production in sticklebacks without recourse to anaesthesia, bleeding or sacrificing the fish. The procedure is potentially a powerful tool for the study of the link between steroids and behaviour in this useful sentinel species.